SUMMARY
METHODS
Information about problems with the endotracheal tube and catheter mount was extracted from the first 2000 incidents reported to AIMS. AIMS involves the voluntary, anonymous reporting of any unintended incident which reduced or could have reduced the safety margin for the patient. Details of AIMS methods are provided elsewhere in this symposium. 4 All incident reports were studied with the key words "endotracheal tube" and "catheter mount". Also, all information of relevance to the endotracheal tube and catheter mount was extracted from the papers in this symposium in which the role of monitors was examined,' and in which problems with intubation were analysed. 6.7 
RESULTS
There were 189 incidents (9070) of the first 2000 reported to AIMS in which problems were reported with the endotracheal tube and/or catheter mount; these occurred at all points from the fresh gas delivery end of the catheter mount to the distal tip of the tube. The categories of events which occurred are shown diagrammatically in Figure 1 . Table 1 details these in sequence from the fresh gas end of the catheter mount to the tip of the endotracheal tube. The frequency of each type of event is ranked in Table 2 . These problems will be discussed in detail below, in the sequence presented in Table 1 . 
DISCUSSION

Wrong Choice of Tube
There were five incidents in which the primary fault was that the wrong tube was chosen. In three of these the tube chosen was too small. One presented as a large leak in a paediatric patient where the uncuffed tube allowed too great a leak for adequate ventilation, resulting in desaturation. The pulse oximeter was the only monitor in use on this patient. One of the other two cases presented as hypercarbia in a patient being ventilated through a size 4 microlaryngoscopy tube, and the second as difficulty with ventilating an obese lO-year-old child with a 6.5 mm. tube. In both cases the capnograph alerted the anaesthetist to the problem, and the oximeter provided an invaluable degree of reassurance.
The other two examples of inappropriate tube were more a source of irritation to the anaesthetist than of hazard to the patient. In one, the anaesthetist at intubation requested an armoured tube which was not available in the theatre because he had failed to check for its availability beforehand. In the second the unfortunate anaesthetist had been wrongly assured by the surgical registrar that the consultant surgeon would not need a double lumen tube for a thoraco-abdominal aneurysm repair, an error which was only discovered once surgery was under way.
Misplacement of the Endotracheal Tube
Oesophageal intubation. There were 35 incidents (18070 of 189) in which oesophageal intubation was reported. These have been considered in detail elsewhere in this symposium. 6 Twelve cases were suspected on clinical grounds, either by auscultation or because of gurgling noises with ventilation; in none of these 12 was a capnograph in use. In one instance where an oximeter was in use but not a capnograph, the saturation was noticed to be falling precipitously and the cause assumed to be cardiac. Pleural and pericardial taps were performed and the patient went on to a cardiac arrest. The oesophageal intubation was discovered at bronchoscopy, by which time the patient had been hypoxic for an estimated 40 minutes.
Auscultation of the chest was documented to sound "normal" in one-third of these 35 cases. This confirms existing evidence'·9 that auscultation is very unreliable as a detector of oesophageal intubation. On 5 of 6 occasions in which auscultation of the epigastrium as well as the chest was documented, oesophageal placement was correctly diagnosed. It would seem that this increases the reliability of this intrinsically unreliable test.
When capnography was properly used it confirmed placement of the tube in the trachea; 10 a capnograph should always be used after placement of any tube in the trachea. 6 An oximeter may act as a valuable "backup" monitor when a capnograph is not being used, being used incorrectly, or fails; oximetry is highly recommended in this role. II Endobronchial Intubation. The most common incident involving the endotracheal tube was endobronchial intubation, which accounted for 79 (42070) of the 189 incidents. It was the most common cause of arterial desaturation and the fourth most common incident in association with general anaesthesia (Table  4 , p. 538). S There were 3 patterns of presentation of endobronchial intubation. In the first, desaturation occurred 5 to 12 minutes after intubation, presumably after the effects of pre-oxygenation had worn off; nearly half (44 cases) presented in this way. In the second (21 cases), desaturation occurred suddenly 2-5 minutes after some kind of patient manipulation such as a change of posture, turning the head, or insertion of oesophageal bougie dilators. In the third, desaturation occurred for no obvious cause after a prolonged period of uneventful anaesthesia. Endobronchial intubation was associated with the use of a RAE tube on 15 occasions and with an armoured tube on 5; procedures for which these tubes are used also involve posture change and manipulation of the head and neck.
Pulse oximetry detected endobronchial intubation in 870/0 of cases in which it was in use (in 66 of 76 cases) (see Figure 1 , p. 545).11 Desaturation to less than 70% was reported on 6 occasions; 11 one cardiac arrest was reported. 12 In the remaining 13 cases it was detected clinically in 7, by capnography in 2, by a pressure gauge in 2, by a high pressure alarm in one, and by a noninvasive blood pressure monitor in one.
A pulse oximeter was in use in each of the 7 cases in which endobronchial intubation was detected clinically. In 5 of these the oximeter did not alarm because desaturation had not occurred, the anaesthetist having been alerted by uneven chest movement or by difficulty with ventilation. There were 2 cases in which desaturation did occur: in one the oximeter began to alarm as the tube was being withdrawn; in the other the oximeter was displaying a low saturation but the audible alarm, which had been muted while the patient was on bypass, had not been turned on.
In the 2 incidents in which capnography detected endobronchial intubation the oximeter was in use both times: in one patient no desaturation occurred, and in the second the oximeter began to alarm soon after the capnograph was noted to be displaying a low reading. In the 2 incidents in which the circuit pressure gauge first alarmed, endobronchial intubation was not suspected as the cause until the saturation began to fall. One incident was first detected by a high pressure alarm. The remaining case of endobronchial intubation presented as unexplained hypertension in a situation in which the oximeter was connected to the patient, but was failing to give a reading; a capnograph was not available. Unexplained hypertension was the first indication of a problem.
Clinical detection most commonly occurred at the beginning of the anaesthetic, when the observation of chest movement and ventilation by hand revealed the problem. It might be assumed that all diligent anaesthetists auscultate the chest at the time of intubation. However in this study, in only 27 of 79 incidents did the anaesthetist report listening to the chest at intubation. Of these, 3 made the diagnosis immediately. The other 24 felt that breath sounds were normal and equal. In 14 of these desaturation occurred within 10 minutes, suggesting that the tube was not well positioned from the outset.
Fifty anaesthetists reported listening to the chest once the alarm had been raised in order to confirm the suspicion of endobronchial intubation. Eight could detect no region of diminished air entry clinically, but they withdrew the tube anyway and resolved the problem. In the remaining 42 it was reported that there was right endobronchial intubation with diminished air entry on the left; there was no report of left endobronchial intubation. In the remaining 29 cases the patient was inaccessible or no details were reported on the form. Thus, in 37 cases it seems that the tube may have been withdrawn without auscultatory confirmation of misplacement.
Other misplacements of the endotracheal tube. There were 11 incidents in which the tube was not correctly positioned in the trachea but was neither endobronchial nor oesophageal. On 4 occasions the bevel of the endotracheal tube was positioned so that it was up against the tracheal (or a major bronchial) wall; these incidents manifested as obstructions of the tube and are dealt with below. Four incidents involved misplacement of double lumen tubes and 3 pharyngeal or paratracheal placement.
In the 4 double-lumen tube incidents, the tubes were pushed in too far on 3 occasions, and in one the tube was inserted 180 degrees the wrong way round because the anaesthetist had failed to familiarise himself with a new brand of tube. The tubes which had been inserted too far were all detected differently: one was immediately detected during auscultation of the chest; another presented as mild desaturation, with left upper lobe collapse evident on subsequent x-ray; and one came to light when the dependent lung could not be ventilated because the tracheal lumen was obstructed, presumably by the carina.
The three remaining cases were quite different: in two the tube was para-tracheal, once because the surgeon failed to find the tracheal lumen at tracheostomy, and once because the tube was placed into a blind pouch in a child with a repaired tracheo-oesophageal fistula. Both presented as failure to ventilate due to obstruction and were immediately apparent to the anaesthetist who was attempting to hand-ventilate the lungs. In the third case intubation was performed under adverse conditions in the presence of tonsillar haemorrhage. Oxygen saturation fell rapidly, but the anaesthetist was loathe to remove the tube because it had been so difficult to insert. When the saturation reached almost zero, the tube was removed and the patient reintubated, which rapidly restored the oxygen saturation. In retrospect the tube was assumed by the anaesthetist to have been in the pharynx but outside the larynx. This may, in fact, have been an oesophageal intubation. A capnograph was not used and there is no record of the anaesthetist attempting to confirm the position of the tube clinically. Catheter Mount Problems Disconnections. Circuit disconnections are discussed in detail elsewhere in this issue. 13 Only the 13 disconnect ions directly at the connector to the endotracheal tube itself (see Figure 1) are discussed here. Four were detected clinically, usually by a change in ventilator characteristics; a low pressure alarm detected five, a capnograph three, and an oximeter one. This pattern of detection is very similar to that of the remaining 142 circuit disconnections. Leaks. Leaks involving the endotracheal tube as well as those involving the catheter mount will be discussed here. These were reported on 13 occasions. Seven of the l3 leaks were due to puncture or rupture of the endotracheal tube cuff, and were evident by the immediate sound of escaping gas or the ventilator "short-cycling". One was due to the failure of the assistant to inflate the cuff and resulted in significant aspiration and consequent morbidity. Four leaks were traced to the endotracheal tube connector: one had become misshapen and no longer fitted correctly; one had a large crack in it; one had a neat round hole drilled into it; and in one the sampling port was open. In the final case there was a leak in the corrugated rubber section of the catheter mount. Each of these incidents could have been prevented by careful checking prior to use.
Ten of the 13 incidents were detected without monitors (by the sound of escaping gas, by a change of ventilator tone or by failure of the reservoir bag to fill adequately). Two reports gave no details of the method of detection. One cuff rupture was detected by the oxygen analyser (set to alarm at 27070) in a situation of low fresh gas flow closed circuit anaesthesia which raised the alarm before desaturation had occurred.
Obstructions of the Catheter Mount. There were two obstructions of the catheter mount. One was a kink and the other due to a plug of dried blood in the lumen. The latter would have been picked up had the integrity of the entire circuit been checked. These are dealt with below.
Failure to Connect the Catheter Mount to the Tube. On one occasion the anaesthetist simply forgot to connect the catheter mount to the tube.
Endotracheal Tube Problems
Obstructions and Kinks. There were 28 incidents in which obstructions to, or kinks of the endotracheal tube were reported; obstructions occurred due to blood, secretions or a foreign body in the lumen, and kinks due to external compression or excessive force being exerted down the long axis of the tube. There were 4 cases of obstruction in which the bevel of the endotracheal tube was against the tracheal wall, and one herniation of an endotracheal tube cuff which presented as an obstruction. The majority of kinks occurred outside the mouth and were easily detected (see Figure 1 ). They occurred with red rubber, plastic and preformed tubes, but the exact proportions are not known because most reporters failed to specify the kind of tube being used.
The foreign body involved a small piece of carbon dioxide sampling tube which fell out of a size 3.0 endotracheal tube, giving the anaesthetist a fright, but causing no harm to the baby; a careful check prior to use could have avoided this potentially disastrous mishap.
No single monitor emerged as a reliable detector of obstruction. A capnograph first detected obstruction on 7 occasions, an oximeter on 5, a high pressure alarm on 2, a spirometer on 2 and a pressure gauge on one. Of the 35 obstruction incidents, 18 were reported as having been detected clinically. Some of these were detected by the anaesthetist recognising a change in the tone or rhythm of the ventilator. Others occurred during periods of hand-ventilation of the lungs, when compliance changes were detected. An early attempt to ventilate the lungs by hand' will reveal the presence of an obstruction and a careful systematic search will usually detect the cause.
Endotracheal Tube Cuff Problems. There were 7 leaks of the endotracheal tube cuff. These have been dealt with above. There were 2 cases of cuff herniation, one of which presented as obstruction. This case presented as intermittent difficulty with ventilation in a very ill intensive care patient which was associated with desaturation and hypotension. The tube was changed and ventilation improved but the patient died soon after this event.
The other case presented as endobronchial intubation, with failure to ventilate the left lung. The tube was changed and on examination the cuff was found to inflate unevenly, causing the tube to be directed to one side. There was one report of failure of the endotracheal tube to deflate because the pilot tube was kinked. No harm came to the patient on removal of this tube.
CONCLUSIONS
Examination of the first 2000 AIMS incidents revealed 189 incidents (9%) in which there were problems with the endotracheal tube or catheter mount; that these may have disastrous consequences has been well documented. 1.2 These incidents were grouped into categories, each of which was then examined in terms of frequency, means of detection and contributing factors. Several points emerge from this analysis.
There is no substitute for a comprehensive check of all anaesthetic equipment prior to the commencement of anaesthesia. Traditionally, only the circuit itself has been tested for leaks. This ignores problems which may occur beyond this point. The circuit check should include the catheter mount and its connections, the carbon dioxide sampling port and the endotracheal tube itself for patency and leak-free fits. This includes checking simultaneously that the correct tube is present, that the cuff inflates symmetrically and does not leak and that the all connectors are firmly fitted. All monitors should be turned on, warmed up, calibrated and checked prior to use. The alarm limits should be checked and the alarms must be "on". If alarms are to be switched off, this should be only by a "mute" button which cancels automatically after 1 or 2 minutes. An oxygen analyser and oximeter should be used throughout pre-oxygenation, intubation and anaesthesia, 11 .1' and placement of any endotracheal tube must be checked immediately with a capnograph. 6 . ' Care should be taken to place the cuff of the endotracheal tube only a few centimetres past the larynx in adults. The chest must be carefully observed and auscultated during hand-ventilation of the lungs to try to detect any area of uneven ventilation. Endobronchial ventilation (nearly always right endobronchial intubation) accounted for 42070 of all tube related problems, and is the most common cause of arterial desaturation during anaesthesia. The distance from the tip of the tube to the gums or teeth should be noted and documented and the tube should be tied in securely. Every anaesthetist should be aware that sudden desaturation may occur due to endobronchial intubation within 15 minutes of placing a tube, within a few minutes of any movement of the patient or circuit, or at any stage during uneventful anaesthesia. Particular care must be taken when patients are placed prone or in the lithotomy position or when pre-formed tubes are used.
An important component of a crisis management algorithm proposed elsewhere in this symposium requires a check of the endotracheal tube; there is some evidence that anaesthetists do not perform well in this area of problem-solving. J In this algorithm, the check of the endotracheal tube follows careful observation and auscultation of the chest while ventilating the lungs by hand. The absence of carbon dioxide in the expired gas indicates misplacement or displacement of the endotracheal tube. However, it is important to check that the sensor is in the circuit with which the patient is being ventilated and that the gas sampling tube is patent and is connected at both ends. An abnormal trace may indicate partial obstruction of the endotracheal tube or the gas sampling line.
Arterial desaturation must raise the question of endobronchial intubation, as indicated above. If areas of poor ventilation are evident clinically, or if there is any evidence that the tube may have moved in slightlY, it should be gently withdrawn, preferably during direct laryngoscopy. This should be considered in any event if no other cause for desaturation can be found, as uneven ventilation may be impossible to detect clinically.
For other problems, a systematic check must be carried out from the catheter mount down to the larynx, if this is possible. This should include visual inspection as well as smelling and listening for leaks and feeling for "poor fits". Temporary deflation of the cuff or an attempt to pass a suction catheter may prove useful. However, if the problem continues to evolve there is no doubt that the old adage "when in doubt take it out" remains as true as ever. Several incidents were reported in which removal of the tube and manual ventilation of the lungs using a facemask was lifesaving.
In the words of Utting, we must be sure that we "give sufficient emphasis to the problems involved in endotracheal intubation and its hazards. It is a manoeuvre so commonly employed as to diminish both the respect it deserves and the care it demands".
